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TESTS OF A -j£-SCALE POWERED MODEL OF THE XB-j 6 
AIRPLANE IN THE LANGLEY 19-FOOT PRESSURE TUNNEL 
I - STALLING CHARACTERISTICS AND AILERON EFFECTIVENESS 
OF SEVERAL WING AND FLAP ARRANGEMENTS 
By S. R. Alexander and James C. Sivells 


SUMMARY 


An investigation was conducted in the Langley 19 -foot 
pressure tunnel to determine the stalling characteristics, 
aileron effectiveness, and, to a limited extent, the longi- 
tudinal stability of a ^--scale model of the XB-3& airplane. 


The model was tested with the original wing-flap configu- 
ration and with several modifications to the outboard panels 
and flap arrangement. The modifications to the outboard 
wing panels consisted of ( 1 ) the original panels with mid- 
chord slots ahead of the ailerons, and ( 2 ) a revised panel 
which incorporated changes in airfoil section, twist, plan 
form, and aileron area. The flap arrangments included full- 
and partial-span, single- and double-slotted configurations. 


With the original wing and the full-span flap arrange- 
ment the model exhibited uns atisf'actory stalling character- 
istics, insufficient aileron effectiveness, particular ly 
with flaps deflected, and longitudinal instability after 
the stall with flaps deflected. The slotted panels were 
better than the revised panels in improving the stalling 
characteristics. None of the configurations tested, how- 
ever, produced satisfactory stalling characteristics. 

The configuration with the revised panels exhibited better 
aileron effectiveness, which is attributed mainly to the 
increase in aileron area. With flaps deflected, the 
greatest improvement in aileron effectiveness was realized 
by changing the flap configuration from full span to 
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partial span. The use of partial-span, double-slotted 
flaps produced a greater maximum lift coefficient than 
that obtained with the other flap configurations but caused 
a large change in trim lift coefficient. The static longi- 
tudinal instability after the stall experienced by the 
model with flaps deflected for take-off and landing was 
less severe with the modified outboard panels than 'with 
the original wing. 


INTRODUCTION 


The Consolidated Vultee XB -36 airplane is a proposed 
six-engine, pusher- type, long-range bomber.' Tests were 
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conducted on a tt — scale model in the Langley 19 -foot 


pressure tunnel to determine the stability and control 
characteristics of the airplane. In the course of this 
investigation, it was found that the stalling character- 
istics of the model, in its original configuration, were 
unsatisfactory. Besides causing a loss in aileron effec- 
tiveness near maximum lift, the stall was also accompanied 
by longitudinal instability after maximum lift was reached, 
when the flaps were deflected for take-off or landing. 
Attempts to rectify these unsatisfactory conditions by the 
use of midchord or leading-edge spoiler arrangements proved 
inadequate. It was therefore considered inadvisable to 
continue with the remainder of the testing schedule until 
some practical solution to this problem was secured. 


In a further attempt to improve the stalling character- 
istics of the airplane, and thereby improve the aileron 
effectiveness and longitudinal stability at high lift 
coefficients, it was decided to investigate proposed modifi- 
cations to the wing and flap arrangement. The manufacturer 
proposed to incorporate midchord slots in the wing ahead 
of the ailerons. This proposal would entail a minimum 
change to the airplane design. The Langley laboratory 
proposed to eliminate the outboard .flaps, to change the 
inboard flaps from single-slotted to double -s lotted flaps, 
and to revise the outboard wing panels by changing the 
airfoil section, twist, plan form, and aileron area. 

Although it was realized that the greatest improvement 
could be obtained if the entire wing was revised, the 
revisions proposed by the Langley laboratory were restricted 
to the outboard wing panels (from 62 percent of the semi- 
span to the wing tip) to facilitate changes to the airplane 
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design. These revisions were based upon the theoretical 
analysis given in the appendix. 

Subsequent investigation revealed that, although 
both proposals produced some improvement, the slotted- 
panel configuration could be materially improved through 
elimination of the outboard flaps. Accordingly, this 
configuration was further investigated with both single- 
and double -s lot ted inboard flaps, end, in order to provide 
comparative data, the NACA panel configuration was also 
tested with partial-span, single-slotted flaps. 

This paper presents the results of stalling, aileron, 
and some longitudinal stability tests of the original and 
both modified wing panels, various flap and spoiler arrange- 
ments, and full and modified flap-nacelle seals. 


COEFFICIENTS AND SYMBOLS 


The coefficients and symbols used herein are defined 
as follows: 


C L 

C D 

Cm 

Cj 

Cj 


P 


lift coefficient, L-/qS 

drag coefficient, D/qS 

pitching-moment coefficient, M/q3c 

rolling-moment coefficient, L'/qSb 

rate of change of rolling -moment coefficient with 

6 C £ 

helix angle, — 5 
2V 


T c thrust coefficient, T/pV^D^ 

L lift, pounds 

D drag, pounds; diameter of propeller, feet 

M pitching moment, foot-pounds 

L f rolling moment, foot-pounds 

T effective thrust, pounds 


h 
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1 p 

q dynamic pressure of free stream., — pv , pounds per 
square foot * 2 

S wing area, square feet 

c mean aerodynamic chord (?• . A.C. ), feet 

b wing span, feet 

pb/2V helix angle, radians 

p rolling velocity, radians per second 

V airspeed, feet per second 

Vj_ indicated airspeed, miles per hour 


V s 

P 

a 

a 

6f c 

6 f £ 

5 a 


R 

M 

P 


irdicated airspeed at maximum lift coefficient, miles 
per hour 

mass density of air, slugs per cubic foot 

angle of attack of root chord, degrees 

partial-span, single-slotted inboard-flap deflection, 
degrees 

partial-span, balanced-split outboard-flap deflection, 
degrees 

partial-span, double -slotted inboard- flap deflection, 
degrees 

left aileron deflection, positive with trailing edge 
down, degrees 

elevator deflection, positive with trailing edge 
down, degrees 

test Reynolds number, pVc/p 

Mach number, v/v c 

coefficient of viscosity, pound seconds per square 
foot 


V, 


speed of sound in air, feet per second 
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cj section lift coefficient 

y spanwise location, percent of semisoan 

Wi original wing 

Wp wing with slotted outboard panels 

Wj wing with NACA revised outboard panels 

MODEL AND TESTS 


Model . - The model (fig* 1), with the exception of 
the wooden empennage and NACA outboard wing panels, was 
basically of all metal construction. Block inserts con- 
taining the slots (figs. 2 and 3) were incorporated in 
the outboard panels for the Vv’2 configuration. This 
outboard panel was replaced by the wooden NACA panel for 
the tests of W*. The model was kept smooth by filling 

surface irregularities with crack filler and glazing putty 
and, in addition, the wing was sprayed with lacquer and 
rubbed in a chordwise direction with number 1|.00 carbo- 
rundum paper to provide an aerodyn ami c ally smooth surface. 

Protuberances on the fuselage included sighting 
blisters, antennae for radio-electronic devices, and air- 
speed pitot-static masts. 

A comparison of the physical characteristics of the 
wing configurations investigated is given in table I 
and figures 1^. and 5* It should be noted that the additional 
washout for wing Wz was obtained by twisting the wing 

sections about the aileron hinge line. 

All the flaps (figs. 3 and 6) were set manually by 
the use of brackets constructed to give the desired flap 
deflection. Only th’e left ailerons, which were of constant 
chord (figs. 5 and r J), were deflected for the aileron tests. 
These ailerons were locked manually at the desired deflec- 
tion and sealed by placing cellulose tape along the gap 
on both the upper and Tower surfaces. 

The wing nacelles were constructed with air passages 
to allow for internal air flow. Duct orifice plates and 
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plugs at the exits provided means for adjusting the air flow. 
Total and static pressure tubes were suitably located in 
the left inboard and outboard nacelles for the measurement 
of air-flow quantities . 

It should be noted that two horizontal tail planes 
were installed on the model in the course of the investi- 
gation. The original tail, which had an area of 1+.95 square 
feet and an aspect ratio- of 1 +. 1 + 9 , was used during most of 
the stalling and force tests of the original model. The 
revised tail, which had an area of i +,99 square feet and 
an aspect ratio of 5 * 5 w ss used for the remainder of the 
tests. The stabilizer was set at -7° to the wing-root 
chord. 

Tests . - The tests were conducted in the Langley 
19 -foot pressure tunnel with the air in the tunnel com- 
pressed to an absolute pressure of about 35 pounds per 
square inch. The model was mounted on the normal three- 
support system (fig. 8 ) and the aerodynamic forces and 
moments were measured by means of a six-component, simul- 
taneously recording balance system. 

With the exception of several stall investigations 
made with the model propellers in operation, and force 
tests to determine the effect of the spoilers, the tests 
presented herein were conducted at a dynamic pressure of 
approximately 100 pounds per square foot, with the model 
propellers removed. This value of dynamic pressure 
corresponds to a Reynolds number of about it, 500,000 and 
a Mach number of about 0 , 17 . 

Wing Wi was tested at a Reynolds number of about 

2,500,000 with operating propellers. The power conditions 
for full-scale operation were simulated in the wind tunnel 
by matching the propeller thrust coefficient of the model 
with that of the airplane at a given lift coefficient. 

The blade angle was 21° at the 0.'75 radius station for 
all power-on tests. These power ratings were based on 
sea-level conditions and on a maximum gross weight of 
31 + 0,000 pounds. 

The nacelle openings were adjusted to give average 
values of entrance velocity ratio and flow coefficient of 
0.80 and O.O 78 , respectively. These values were selected 
to simulate the nacelle air flow for the full-scale air- 
plane when cruising at 30>000 feet. The first tests made 
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with the partial-span, double-slotted flaps deflected 50 ° 
for landing resulted in a maximum lift coefficient of 
Comparison with the other model configurations tested made 
it apparent that this flap configuration was not an optimum 
one. Tests made with the flaps deflected 55° resulted in 
lower maximum lift coefficients. Therefore, changes in 
flap gap, vane position, and flap position appeared to be 
necessary. Because of the model construction,- it was not 
feasible to change the flap or vane position. Consequently, 
in order to decrease the flap gap, the flap-well lip 'was 
extended 0,9^1- inch along the wing upper surface as shown 
in figure 6. Tests of this arrangement showed satisfactory 
increases in maximum lift at the landing-flap deflections. 
The 50° flap deflection produced a slightly higher maximum 
lift at a higher angle of attack than the 55° flap deflec- 
tion, Hence, the flap deflection, with 'the flap-well 

lip extended, was used for all tests presented herein in 
which the double-slotted fiscs were deflected for landing. 

The basic model configurations tested are given in 
table II, 


RESULTS AND DISCUSSION 


The results are presented in the form of standard 
nondimen si on a 1 coefficients. The tare and in terference 
effects of the model-support struts were not obtained for 
all the configurations, and therefore no corrections for 
these effects were applied to the lift, drag, and pitching- 
moment coefficients. Jet-boundary and air-f low mis alinement 
corrections were applied to the angle of attack and the 
drag coefficient. The rolling -moment coefficients due te 
deflection of the left aileron were corrected for jet- 
boundary interference and model and tunnel asymmetry. 

All coefficients were based on the mean aerodynamic 
chord and wing area of the actual wings. All moments were 
measured about the quarter-chord point of the mean aero- 
dynamic chord of wing sA that the slopes of the 

pitching-moment curves would not change for otherwise 
similar model configurations. 

In the course of the investigation, the original tail 
plane was replaced by the revised tail plane. The test 
results presented are for the revised tail except where 
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otherwise noted. A list of the figures presented herein 
is given in table III and the results obtained from the 
force tests are summarized in table IV. Included in 
table IV are values for Wj based on the wing area of W]_ 

to facilitate comparison at the same airspeed and airplane 
weight. Values of drag coefficient are given for a lift 
coefficient of 0.1+ (high-speed condition) and 0.8 (cruising 
condition ) . 


Stalling Characteristics 

The stalling characteristics of the several model 
configurations were determined by the observation of tufts 
attached to the upper surface of the wing at the 30- , 50- , 

70-, and 90-percent wing-chord stations and spaced about 
5 inches spanwise. At-- every angle of attack at which the 
flow pattern changed, sketches and moving-picture records 
were obtained. All values of lift coefiicient presented 
on the stall diagrams were obtained with the tufts in 
place. The value of the data insofar as the determination 
of the stalling characteristics of the wing are concerned 
will not be affected by the tail configuration tested. 

Wing The stalling characteristics observed for 

this model configuration with flaps retracted and with 
flaps deflected for landing are shown in figure 9. At 
the Reynolds number of about 2,500*000 the model propellers 
were operated to give zero thrust throughout the lift 
range investigated. At the Reynolds number of 5,500,000, 
the propellers were removed. 

In general, the stall started at the trailing edge 
of the wing adjacent to the outboard nacelles and progressed 
outboard and forward. The inboard sections partially 
stalled, in most cases, after the outboard panels were 
completely stalled. The rate of stall progression over 
the' outer wing panels appeared to be more rapid when^the 
flaps were deflected. These results indicated unsatis- 
factory stall progression which, as. will bre shown later, 
was accompanied by a loss of aileron effectiveness near 
maximum lift coefficient, and longitudinal instability 
after maximum lift coefficient was reached. The nature 
of this stall is such that the pilot-may lose control of 
the airplane before being adequately warned. The actual 
stalling characteristics for flap neutral are • in fair 
agreement with those predicted by an analysis of the 
spanwise section-lift-coefficient distribution (soe appendix). 
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The analysis indicates that the stall at the full-scale 
Reynolds number would be more severe than that shown by 
the model tests. 

Upon the- suggestion of the manufacturer, three 
spoilers of different vertical heights were tested on the 
model in an attempt to induce initial stall over the 
inboard panel at high values of lift coefficient. These 
spoilers were located on the Ih) -percent chord line of the 
wing upper surface and extended from the fuselage to the 
centerline of the center nacelles. The vertical heights 
of the spoilers were approximately 0.22, 1.0, and 

2.0 percent of the wing-root chord, c^. The 0.22-percent 

cp spoiler did not affect the original stall pattern. 

The 1.0- and 2.0-percent c^ sooilers caused a complete 

stall behind the spoiler throughout the lift range inves- 
tigated. It was therefore concluded that, for this model, 
these spoiler arrangements were unsatisfactory. 

In a further attempt to produce better stalling 
characteristics for the model, tests of a leading-edge 
spoiler arrangement were included in the investigation. 

The sharp-nose, leading-edge spoiler was located on the 
model as shown .in figure 10. It was estimated that, for 
this position, the stagnation point- would occur at the 
sharp edge at zero lift. A similar arrangement with the 
sharp edge located in such a manner as to coincide with 
the stagnation point for Cg - 0.8 was found to have 
little effect on the stall orogression. In an effort to 
minimize the effect of the spoiler on the drag of the model, 
the sharp leading edge wa s made to include an angle of 
90 ° with sides faired to the wing-section profile. 

Diagrams of the stall Drogression with and without 
the spoilers and at comparable model configurations are 
presented in figure 11 for two power conditions. The 
leading-edge spoiler arrangement did not change the stall 
pattern at low lift coefficients, but produced intermittent 
stall at. the root sections at higher lift coefficients. 

A comparison of the spoiler-off data of figure 11 with 
the data of figure 9(®) indicates that increasing the 
thrust coefficient tends to clean up the stalled area at 
the root. 

The results of force tests made on the model with 
propellers removed and with and without the leading-edge 
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spoiler are presented in figure 12. The spoiler decreased 
the maximum lift coefficient 0.12 and O. 0 I 4 . for the ncrai8.1 
and landing conditions, respectively, but increased the 
drag coefficient about 0.0020 oelow a lilt coefficient of 
0.8 for the normal condition. The static longitudinal 
instability after maximum lift coefficient, indicated by 
the pitching-moment curve of the model, was not as severe 
with the spoilers on as with the spoilers off. 

This spoiler arrangement was not considered an 
acceptable solution to the unsatisfactory stall of the 
model inasmuch as the stall progression was not improved. 

In addition, the increase in drag, with flaps retracted, 
at moderate lift coefficients and the loss in maximum 
lift coefficient with flaps retracted and deflected were 
deemed prohibitive. 

Wing W 2 , with full-span flaps.- The stall progression 

for this model configuration is presented in figure 13 (a). 
The stall started at approximately the same place as on 
the original wing and gradually progressed inboard. The 
midchord slots apparently retarded the stall progression 
outboard of the outboard nacelles although the ± low over 
the ailerons through most of the lift range was very rough. 

Wing W 2 , with partial-span, single-slotted flaps. - 

The stall studies made with this mode 1 configuration with 
flaps deflected for take-off: and landing are presented in 
figure 15(b). In general, the stall progression was 
similar for both flap conditions. The rough flow over 
the ailerons typical of the slotted panels was not affected 
by the change in flap configuration. 

Wing W 2 , with partial-span, double-sl otted flaps. - 
The stall studies for this model configuration are shown 
in figure 13(c). The flap neutral characteristics are 
reproduced from figure 13(a). This configuration with 
flaps deflected for landing may be worse than the other 
flap configurations inasmuch as the stall over the flaps 
was decreased, thereby decreasing the chances for a stall 
warning for the pilot. On the other hand, the stalled 
aileron area at maximum lift was slightly decreased. • The 
regions of rough flow over the ailerons were not aiiected 
by the change in flap configuration. 
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Wing W^ .- The stalling characteristics of the NACA 
arrangement are shown in figure 1 j+. These panels showed 
some improvement over the original panels for the flap- 
neutral condition inasmuch as the center sections stalled 
before the ailerons completely stalled. The stall over 
the ailerons was not delayed as much with these panels as 
with the slotted panels. With flaos deflected, the stall 
over the ailerons was but slightly delayed by these panels 
as compared with the original wing and the stall over the 
llaps was eliminated by the action of the double-slotted 
flaps . 

. . . x ^ ie ^Provenient in the flap-neutral stalling character- 
istics predicted from the analysis presented in the aopendix 
was only partially realized in the actual case possibly 
because of ^ the breax in the wing leading edge resulting 
from sweeping iorward the leading edge of the outboard 
panels. As in the case of wing W]_, the analysis indicates 
that the stall at the full-scale Reynolds number would be 
more severe than that shown by the model tests. 


Aileron Characteristics 

The lift and rolling-moment characteristics of the 
model with the left aileron deflected were determined from 
tests made at a Reynolds number of about i|, 500,000 with 
the model propellers removed. The results of these tests 
were used to estimate the aileron rolling effectiveness 
of the airplane in terms of the developed helix angle, 

Pk/ 2 V . This___helix angle is estimated to be approximately 

equal to — — -, where Cj is dependent upon the asoect 

Ip P 

and taper radios of the wing plan form. The values of C7 

for both wing plan forms were calculated from lifting-line 
theory to ^ which an edge-velocity correction was applied 
(method similar to that used in reference 1 ). These values 
were determined to be O.5I4.8 for W x and W 2 and O.563 

* or W3. The indicated airspeed was computed for the 

normal gross .weight of 265,000 pounds, using the un trimmed 
lift coefficient obtained with zero elevator deflection. 

Wing Wi . - The aileron characteristics for the original 
wing with the left aileron deflected over the range, -20° 
to 20 °, are presented in figure 15. The aileron rolling 
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effectiveness, calculated In terms of the estimated helix 
angle pb/ 2 V for the airplane in the normal and landing 
configuration is shown in figure l6. The requirement for 
satisfactory aileron effectiveness, pb /27 = 0.07 at 
110 percent of the stalling speed, prescribed in reference 2 
will probably not be met by the airplane for any of the 
flap configurations tested. A value of pb/ 2 V of 0 . 0'7 
was obtained at higher speeds with the model equipped with 
the partial-span, single -s lot ted flaps deflected for landing 
It can clearly be seen that the outboard flaps were detri- 
mental to the" aileron effectiveness, particularly when the 
aileron was deflected down. Near the stall, the rolling 
moment due to the down aileron became negative. This loss 
in effectiveness results from, the close proximity of the 
down aileron and the deflected flap as shown in figure 6(b). 
A value of pb/ 2 v of only 0,031 was obtained at 110 percent 
of the stalling speed with the full-span flaps deflected, 
while a value of G.052 was obtained with the partial-span 
flaps only. Both of these values were low as a result of 
the tip stall experienced with this wing. 

Wing W2 • - The aileron characteristics for the model 

with the s lofted panels are presented in figure 17 . These 
results are presented for flaps neutral and for the three 
types of flaps deflected for landing. The left aileron 
was deflected over the range -25° to 20° for the condition 
with the partial-span, double-3lotted flaps and -20° to 20° 
for the flaps neutral, the full-span and the partial-span, 
single -s lotted flaps. The estimated helix single for these 
flap conditions are presented in figure 18 . The addition 
of the midchord slots did not appreciably increase the 
aileron effectiveness at 110 percent of the stalling speed 
even though they did produce an improvement in the stalling 
characteristics. The main effect of the slots was to 
maintain the rolling effectiveness to lower speeds by 
increasing the maximum lift coefficient. The slots, how- 
ever, caused loss of aileron rolling effectiveness through- 
out most' of the climbing to high-speed range and, with 
flaps - deflected, caused complete loss of effectiveness near 
the stalling speed. A large improvement in rolling effec- 
tiveness was obtained at low speeds by changing the flap 
configuration from full-span to partial-span, thereby 
eliminating the interference effects of the outboard flaps 
on the flow over the ailerons. The rolling moment due to 
the down aileron, however, still became negative near 
maximum lift coefficient. An acceptable value of pb/ 2 V 
of 0.07 was attained at 110 percent of. the stalling speed 
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with differential aileron deflections of - 25 ° and 20° for 
the condition with partial-span, double-slotted flaps. It 
should be noted that it will be much more difficult to 
balance the aileron at the - 25 ° deflection than at the -20° 
deflection because of the rapid, nonlinear increase in 
hinge-moment coefficients in this range of aileron deflec- 
tions. On the other hand, the -25° deflection may not be 
necessary if the aileron area is increased to provide 
satisfactory control for the flap-neutral condition. 

Wing Wz. - Figures 19 and 20 present the aileron 
characteristics and estimated helix angle, respectively, 
for the model equipped with the NACA outer panels. With 
the differential aileron deflection, the satisfactory 
aileron rolling effectiveness requirements are met at 
110 percent of the stalling speed and are exceeded for 
higher speeds. This configuration, with its increased 
aileron area, produced the greatest pb/2v value of any 
of the configurations tested. The aileron effectiveness, 
furthermore, is maintained beyond the stall, a condition 
which was not realized for either the Wq or W 2 configu- 
ration. Again, the aileron balance problem at the -25° 
deflection is quite important, although in this case, this 
deflection may be decreased a few degrees without decreasing 
the helix angle below 0.07. A comparison of the values 
of pb/2v at a given indicated airspeed makes the superior 
aileron effectiveness of Wj still more apparent. 


Lift, Drag, and Pitching-Moment Characteristics 

The lift, drag, and pitching -moment characteristics 
of the model with the several wing outer panels and flap 
configurations were determined from tests made at a Reynolds 
number of approximately lq, 500,000. The stabilizer was set 
at - 7 0 to the wing-root chord and, with two exceptions in 
which the deflection was -10° (figs. 23 (b) and 24 (b)), the 
elevator was set at 0°. 

All of these tests were made with the revised hori- 
zontal tail plane installed on the model. 

Wing Wq.- Some tests were made with fixed transition 

to show the effect of surface roughness on drag and longi- 
tudinal stability. The transition was fixed (fig. 21) at ' 
11 percent of the wing chord (approximate location of the 
front spar on the airplane). The lift, drag, and pitching- 
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moment characteristics are presented in figure 22. The 
fixed transition increased the maximum lift coefficient, 
increased the drag below a lift coefficient of 1.1, and 
did not affect the pitching moment appreciably. The longi- 
tudinal instability at the stall associated with this model- 
wing configuration with full-span flaps is apparent from 
an examination of the pitching-moment curves of figure 22. 

This instability is less severe with the partial-span, 
single-slotted flaps and is not indicated with flaps 
retracted. 

Wing W 2 • - The lift, drag, and pitching-moment 
characteristics for this model configuration are presented 
in figure 23* The addition of the slots increased the 
maximum lift coefficient for all three flap deflections 
tested. The longitudinal instability at the stall has 
been reduced for the take-off and landing configurations. 

The slots did not appreciably affect the trimmed lift 
coefficient of the model with elevator neutral. 

The characteristics of the model with the partial- 
span, double-slotted flaps deflected for landing and with 
the elevator set at 0° and -10° are presented in figure 23 (b). 
This flap configuration produced a still greater maximum 
lift than was obtained with the other flap configurations. 

The large change in trim lift coefficient experienced by 
the model when the double-slotted flaps were deflected, 
however, would probably cause an undesirable control con- 
dition. This situation probably resulted from the increased 
downwash over the horizontal tail surfaces caused by the 
high concentration of lift at the wing center section when 
the double-slotted flaps were deflected. 

Wing Wx»- The results of tests made on the model to 

determine the aerodynamic characteristics of the NACA panels 
with partial-span, single- and double -slotted flaps are 
presented in figure 2lp . With the partial-span, single- 
slotted flaps deflected for lending, the NACA panels pro- 
duced a lower value of maximum lift coefficient than the 
Wp and W 2 configurations. The landing speed of Wg 

would, however, be the same as Wp if no change in weight 
were involved because of the greater wing area of Wj . 

With flaps neutral and natural transition, the drag 
characteristics of this wing are essentially similar to 
that of the original and slotted wing panels. The effect 
of fixing the transition at 11 percent of the wing chord 
for the flaps -retracted condition was, in general, similar 
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to that for fixed transition on the original panels. The 
maximum lift coefficient obtained with the partial-span, 
double -slotted flaps deflected for landing was lower for 
this wing configuration than for the slotted panels. 

In an attempt to increase further the maximum lift, 
full and modified seals between the flans and nacelles 
were added as shown in figure 25. The seals showed a loss 
in maximum lift coefficient rather than an improvement 
(fig. 26). 

Static longitudinal instability after the stall was 
equally present for the Wj as for the W£ configuration, 

but was not as severe as for the Wq configuration. 


Model Configuration for Further Tests 

At the completion of the tests described herein, the 
manufacturer decided to incorporate, in the design of the 
first airplane, the configuration with the slotted panels 
and the partial-span , single-slotted flaps (the slots in 
the panels are intended to be closed when the flaps are 
retracted). This decision was made on the basis of the 
results of the tests and from a consideration of the 
problems involved in the production of the airplane. 

The configuration selected has about the least unsatis- 
factory stalling progression of any tested. The elimi- 
nation of the outboard flap materially improved the aileron 
effectiveness. Some sacrifice in maximum lift coefficient 
is involved in this selection since an increase in maximum 
lift coefficient could be realized if the double-slotted 
flap cbnf igur ati on had been selected. . 

On the basis Of the manufacturer’s decision, the 
configuration selected was used for further tests in the 
Langley 19-foot pressure tunnel to determine the lateral 
and longitudinal stability and control characteristics of 
the model. 


CONCLUSIONS 

The following conclusions are indicated by tests of 
a -jjy-scale model of the XB-J6 airplane with several wing 
and flap configurations : 


l6 
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1. The stalling progressions of all configurations 
tested 8re considered to be unsatisfactory. The stall of 
the original configuration originates at the outboard 
nacelles and progresses gradually outboard enveloping tne^ 
tips before the inboard -section stalls. The slotted pane s 
are more effective than the NACA panels in delaying the 
stall over the ailerons. This delay allows the stall to 
move inboard, except for the configuration with ohe douele- 
slotted flans deflected where the action of the flaps cieans 
up the stall over the center sections. Although the slotted 
panels retard the stall over the ailerons, there remains 
a considerable amount of rough flow behind the slots. 


2. It is estimated that about 86 percent of the 
required value of pb/2V (0.07) can be obtained at 110 
percent of the stalling speed, with the original configu- 
ration with flaps neutral. When the full-span flaps are 
deflected, a serious loss in rolling effectiveness is 
experienced. The addition of the midchord slots m the 
outboard panels does not appreciably increase the aileron 
effectiveness at 110 percent of tne stalling speed even 
though the stall over the outboard panels is delayed. At 
speeds higher then 110 percent of the stalling speed, the 
slots lower the aileron effectiveness, except ior^the 
condition of full-span flaps deflected. A large increase 
in effectiveness, at 110 percent of the stalling speed, is 
realized when the flap configuration is changed from full 
span to partial span. With differential deflection, 
and 20°, ‘of the ailerons, it is estimated that a value oi 
pb/2V equal to 0.0? can be obtained with the condition 
of partial-span, double-slotted flaps deflected and slots 
open in the outboard panels. With the NACA outboard panels, 
which have greater aileron area, the required value of 
pb/2V equal to 0.07 is exceeded with differential aileron 
deflection -2S° and 20°, for both the conditions of flaps 
neutral and with partial-span, double-slotted flaps deflected 
for landing. 

7 ; . The greatest maximum lift coefficient^ is obtained 
with the configurations incorporating the slotted panels. 

The partial-span, double-slotted flaps produce a greater 
increment of maximum lift coefficient than either the full- 
span or the single-slotted flap arrangement. There is 
little difference between the maximum lift coeiiicient 
obtained with the original panels and that obtained with 
the NACA panels. The addition of flap-nacelle seals sli 6 I J 
decreases" the maximum lift coefficient for Wj. 
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i+. The longitudinal instability at the stall 
experienced with flaps deflected on the original wing was 
not as severe for either the slotted or the NAG A panels. 
The partial-span, double-slotted flaps cause a much great 
change in trim than either the full-span or the single - 
slotted flap configuration. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. , February 25 , 19^5 
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APPENDIX 


THEORETICAL ANALYSES FOR WINGS, Wq AND Wj 


The analyses for wings Wq and Wj were made for only 

the flap-neutral condition because of the inadequacy of 
such analyses for flap-deflected conditions. The effects 
of fuselage, nacelles', ducts, and the sweepback of the 
wings could not be taken into account in the method used 
for analysis . It was realized that sweepback might have 
an adverse effect on the stalling characteristics but any 
improvement gained by altering the wing design should be _ 
apparent whether or not the effect of sweepback is included 
in the analyses. 

The method of analysis is that described in reference 3 • 
This method consists essentially of determining the point 
at which the curve of the span wise distribution of the 
section lift coefficient becomes tangent to the curve of 
the spanwise variation of the maximum lift coefficient of 
each section (see figs. 2? and 28). The spanwise location 
of the point of tangency represents the point at which 
stalling is expected to begin. The margin between the 
two curves is an indication of the manner in which the 
stall will progress. To pvoid tip stalling, it is recom- 
mended in reference ip that there should be a margin of at 
least c i = 0.1 at 0.70 of the semispan. The value of the 
wing lift coefficient required to make the curves tangent 
is the theoretical maximum lift coefficient obtainable. 

The maximum lift coefficient of each section was obtained 
from section data for the particular Reynolds number and 
thickness of each section. The section lift coefficient 
was also obtained from section data by means of the method 
of computing the span-load distribution described in 
reference 5 . This method uses actual section data instead 
of assuming straight-line lift curves. 

The results of the analysis for wing Wq is shown 

in figure 27 . For the model Reynolds number of 5,500,000, 
the curves indicate that the stall would start from about 
O .35 to O .65 of the semispan and, because of the small 
margin at 0.70 of the semispan, would spread rapidly toward 
the tip. For the full-scale Reynolds number of 22,000,000 
based upon a speed of about 100 miles per hour, the curves 
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indicate that the stall would start at about 0.90 of the 
serpispan. These analyses indicate that the stalling 
characteristics of the model as observed in the tunnel 
would be unsatisfactory even though the stall would start 
further inboard than on the full-scale airplane due to 
the difference in Reynolds number. The effects of the 
jet boundary on the model stalling characteristics were 
computed and found to be negligible. 

The design of wing W 3 was influenced by a number 
of factors. Although it was realized that the greatest 
improvement in stalling characteristics would result from 
a redesign of the entire wing, practical considerations 
limited the design to the wing panel outboard of a station 
approximately 62 percent of the semis pan. This station 
is outboard of the outboard nacelle and approximates the 
line of detachment of the outboard wing panels on both the 
model and the full-scale airplane. In order to minimize 
any increase in drag for the new wing panels, the use of 
fixed slots was not considered, although such use might 
improve the stalling characteristics. The tip chord was 
increased by 50 percent to decrease the taper ratio. This 
increase was distributed on each side of the original plan 
form in such a manner as to keep the location of the aero- 
dynamic center of the wing the same as that of the original 
wing. In order to increase the maximum lift coefficient 
obtainable at the tip and the angle of attack for this 
lift coefficient, the tip airfoil section was changed from 
an NACA 63 ( 14 - 20 ) -'517 section to an NACA 6 5 ( 3 1 S ) ~ 5 1 T section. 
As a further prevention against tip stalling, the washout 
was increased to 3° a -t approximately the 75-P e l , cent semi- 
span station (location of outboard end of aileron tab) and 
I 4. 0 at the tip. This increase in washout was obtained by 
twisting the wing panel about the aileron hinge line. 

The results of the analysis for wing W* is shown 
in figure 28. For the model Reynolds number of J+, 700,000, 
the curves indicate that the stall would start from 0.30 
to 0.30 of the semispan and would be more satisfactory 
than that of W-^ since it would not tend to spread to 
the tip. For the full-scale Reynolds number ? the curves 
indicate that the stall would start about O.oO of the 
semispan. Again, the Reynolds number effect makes the 
stalling characteristics of the model somewhat optimistic 
compared to those of the full-scale airplane, 
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w1nff8 (wi and Wz) indicate 
The analyses for the , tW ° ™ = of lx will be better 
that the stalling wi n orobobly start further 

than those of Wl* 1x1 0 “ d ss fast. Any effect due 

inboard and not w, since the sw.pb.cfc ox 

to sweepbacK would - ■ ' 1° T , 1 morovement 

the outboard panel 1 - - 2 exoense of 

• filing characteristics is obtained at an exp- 
m stalling char in induced drag for a 

only about 2 ---percent ^ ^ ^ at 30, 000 feet 

Xitud! °and d a g?osf weight of 2^5 ,000 pounds. 

Ho analysis for King ^^ 001 “ oblf to this wing, 
the lack of two-dimensional oata a, 0 
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TABLE I 

FLAP AND AILERON CHARACTERISTICS 


Wing 

Surface 

Type 

Symbol for 
deflection 

Chord, percent 
wing chord mid- 
span of surface 

Span, percent 
wing semispan 

Figure 

Wl,W 2 ,W 5 

Inboard flap 

Slotted 


25 

42 

5(a) 

5(b)»6(a) 

W X , w 2 

Outboard flap 

Balanced split 

6 fo 

20 

38 

5(a)& 6(b) 

w 2 , w 3 

Inboard flap 

Double slotted 

r s 

27 

42 

6 

Wl, W 2 

Aileron 

Sealed 

6 a 

15 

38 

5(a) & 
7 

W 3 

Aileron 

Sealed 

6 a 

16 

43 

5(b) & 
7 
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TABLE II 

WING AND FLAP CONFIGURATIONS 


Wing 

Symbol 

Flap 

(df|) 

6f 

(deg) 

& f s 

(de|) 

Flight condition 

CVAC original 
wing 

W 1 

full- span 

0 

20 

ko 

0 

50 

50 


Normal 

Take-off 

Landing 

D ° 

*1 

partial-span, 

single-slot- 

ted 

ko 



Landing 

Original wing 
with slotted 
outer panels 

W 2 

full-span 

0 

20 

ko 

0 

50 

50 


Normal 

Take-off 

Landing 


w 2 

partial-span, 

single-slot- 

ted 

20 

ko 



Take-off 

Landing 


w 2 

partial-span, 

double-slot- 

ted 

— 

— 

“0“ 

50 

Normal 

Landing 

Original wing 
wing NACA 
outer panels 

w 5 

partial-span, 

single-slot- 

ted 

0 

20 

ko 

— 

— 

Normal 

Take-off 

Landing 

D ° 

"5 

oartial-span, 
double -8 lot- 
ted 

— 

— 

0 

50 

Normal 

Landing 
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TABLE III 






LIST OP PIGURES 




Plgure No. 

Typo of Presentation 

Model Wing 

Remarks 


1 

J-view of the model 

"1 


Drawing 


2 

Details of midchord slot 

"2 


Do 

3 (a) 

tc 5 (b) 

Close up of midchord slot 

*2 


Photograph 


4 

Rigging diagram and physical characteristics 
of the wing planforms 

w x , W 2, 

& W3 

Drawing 


5 (a) 

Details of flap and aileron arrangement 

*1 & 

w 2 

to 


5 (b) 


w 3 


Do 

6(a) 

& 6(b) 

Plap positions tested 

wi, w 2 . 

4 W5 

Do 


7 

Comparison of sealed ailerons 

do- 



Do 


8 

Model set-up in test section 

*1 


Photograph 


9 (a) 

Stalling characteristics 

Wl 


Normal flight and landing condi- 
tions; t t -• 0; R^ 2,500,000 


9 (b) 


Wl 


Normal flight condition; prop- 
ellers removed; R^* 5.5°0,000 


10 

Leading-edge spoiler Installation 

"1 


Drawing 


11(a) 

Stalling characteristics 

*1 


Normal flight condition; rated 
power; spoilers off and on; 

R ^ 2 , 500,000 


11(b) 


»1 


Landing condition; l^O-percent 
rated power; spoilers on and 
off; RiJ 2,500,000 


12(a) 

Aerodyhamic characteristics of the model 
with leading-edge spoilers 

*1 


Ct)» a * Cm» vs Ct.; normal flight 
condition; R es 2 , 500,000 


12(b) 


Wl 


C D> a * Cm, vs Ct 1 landing condi- 
tion; R? 2 , 500,000 


13 (a) 

Stalling characteristics; full-span flaps 

W 2 


Normal flight, take-off , and land- 
ing conditions; propellers off; 
R ~ U, 500,000 


13(b) 

Stalling characteristics; partial-span, 
single -slot ted flaps 

w 2 


Take-off and landing conditions; 
propellers off; R 5 s U, 500,000 


13(c) 

Stalling characteristics; partial-span, 
double-slotted flaps 

w 2 


Normal flight, and land- 
ing conditions; oropellers off; 
R» U, 500, 000 


l 4 

Stalling characteristics 

w 3 


Do 


15 (a) 

Aileron characteristics 

w l 


C,, Ct , vs a: normal fllfdit condi- 
tion; R st 4, 500,000 


15(b) 

Aileron characteristics; full-span, s ingle - 
slotted flaps 

*1 


Ct, C T . VS a; landing condition; 
Res 4 . 500,000 


15(c) 

Aileron characteristics; partial-span, 
single-slotted flaps 

*1 


Do 


16 

Estimated helix angle 

Wl 


vs V«; normal flight and 
2v landing conditions 


17 (a) 

Aileron characteristics 

w 2 


Ci, Ct, vs a; normal flight condi- 
tion; r ^ 4. 500,000 


17(b) 

Aileron characteristics; full-span, single- 
slotted flaps 

W 2 


Ct, Ct . vs a; landing condition; 
Rjss 4 , 500,000 


17 (c) 

Aileron characteristics; partial-span, 
single-slotted flaps 

W 2 


Do 


17 (d) 

Aileron characteristics; partial-span, 
double-slotted flaps 

W 2 


Do 


18 

Estimated helix angle 

w 2 


PiL vs V,; normal flight and 
2 V landing conditions 


19 (a) 

Aileron characteristics 

*3 


Ct, C T , vs a; normal flight condi- 
tion; R?s 4,500,000 


19(b) 

Aileron characteristics; partial-span, 
double-slotted flaps 

*3 


C*, C r . vs a; landing condition; 

4 r-s 4,500,000 


20 

Estimated helix angle 

W 3 


^ vs v.; normal flight and 
2 V landing conditions 



1 
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TABLE III (Concluded) 

CONFIDENTIAL 


NATIQNAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Figure No. 

Type of Presentation 

Model Wing 

Remarks 

21 (a) & 21 (b) 

Details of transition strips 

W 3 

Photograph 

22 (a) 

Aerodynamic characteristics; full- and 
partial-span, single-slotted flaps 

W 1 

C D' a ’ Cm* vs C L ? norB,al flight, 
take-off, and landing condi- 
tions; R 2 * 1 ** 500,000 

22 (b) 

Aerodynamic characteristics; full-span, 
single-slotted flaps; fixed transition 

W 1 

Cd* a * C_ , vs Cj,; normal flight 
and landing conditions; 

R=* 1 *, 500,000 

23(a) 

Aerodynamic characteristics; full-span 
and partial-span, single-slotted flaps 

W 2 

Cd* a * Cm, VS Cl; normal flight, 
take-off, and landing condi- 
tions; R 1*, 500,000 

23 (b) 

Aerodynamic characteristics; partial-span, 
double-slotted flaps 

W 2 

Cd* a . vs Cl** normal flight 

and landing conditions: 

6 e = 0° and -10®; R« I*, 500,000 

21 * (a) 

Aerodynamic characteristics; partial-span, 
single-slotted flaps 

w 3 

Cd* a . Cm, vs Cl; normal flight, 
take-off, and landing condi- 
tions; R 2 £ 1 *. 500,000 

21 * (b) 

Aerodynamic characteristics; partial-span, 
double-slotted flaps; natural and fixed 
transition 

*3 

Cd* a * Cj,,, vs Cl* normal flight 
and landing conditions; 

6 e = 0 ° and - 10 °; R^ 4 . 500,000 

25 (a) 4 25 (b) 

Details of flap-nacelle seals 

w 3 

Photograph 

26 

Aerodynamic characteristics; full and 
modified flap-nacelle seals 

w 3 

CD* °» Cm, vs Cl* landing condi- 
tion; R«£ 4 , 500,000 

27 

Spanwise section-lif t-coeff lcient distribu- 
tion 

w l 

Cj vs y; normal flight condition 

28 

Do — 

W 5 

Do 
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TABLE TV - SUMMARY OP RESULTS AT R~ 4, 500,000 COMMITTEE FOB AERONAUTICS. 


Model 

Configuration 

ving 

Flap 

deflection 
..(deg) 

Ot 

a at 

CL max 

(deg) 

C L at 
c m = 0 

C D 

E* at 
2V 

l.lVa 

Figure 

6f i 

6 fo 

6 <*s 

naax 


C L =0J* 

C L =0.8 

ba = +20 
-25 

6a=420 e 

No. 


*1 

0 

0 

... 

1.33 

19 •£ 

1.01 

0.026 

0.01*0 

.... 

0.060 

15(a), 16, 

* 22(a) 


W 1 

20 

50 

... 

1-75 

13-3 

1.08 

.... 

.098 

.... 

.... 

22(a) 


»l 

ho 

50 

... 

1.99 

11.5 

1.57 

.... 

.... 

.... 

.051 

15(b). 16, 
& 22(a) 


W 1 

ho 

... 

— 

1.95 

18.1* 

1.5U 

.102 

.108 

.... 

.051 

15(c), 16, 
* 22(a) 















w 2 

0 

0 

... 

1.J8 

18.1 

1.05 

.050 

.01*5 

.... 

.06 2 

17(a), 16, 
Ac 25(a) 


*2 

20 

50 

... 

1.86 

16.0 

1.10 

.... 

.099 

.... 

.... 

25(a) 


w 2 

Uo 

50 

... 

2.12 

ll* .6 

1.58 

.... 

.... 

.... 

.059 

17(b), 16, 
& 25(a) 


"2 

ho 

... 

... 

2.01* 

15.6 

1.50 

.105 

.115 

.... 

.053 

17(c), 18, 
* 25(a) 















*2 

— 

... 

50 

2.21* 

15.7 

1.85 

.... 

— 

0.070 

.065 

17(d). 18, 
* 2 5(b) 


w 3 



0 

1-35 

21.1 

1.05 



.076 

.069 

L9(e) ,20, 
Jc 2i*(a) 






*1 .1*0 


*1.11 

*.028 

*.Cl*2 





w 3 

20 



... 

1.65 

16.5 

1.1* 

_____ 


.... 



2l*(a) 






*1.69 


*1 * 51 - 

*.Q6L 

*.07? 





*3 

ho 

... 

... 

1.88 

16.6 

1.70 



— 

— 

24(*) 






*1.95 


*1.75 

— 

*.115 





w 3 

... 

... 

50 

2.10 

16.8 

1.88 

— 


.076 

.065 

19(b). 20, 
* 2U(b) 
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Coefficients based on area of '.V^ 
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n<jure2. . — / c/ chord 3/ot m3talJaition$lJl4-*3cale model of 

fhe.X&~36 cn rp/one. 
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(a) Wing upper surface. 



(b) Wing lower surface. 


Figure 3.- 


Midchord slot; 


— -scale model of the XB-36 airplane. 
14 
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Figure 5fcj - plan and paction views of flop ond oileron mstollation^ljl4-dcole model of the XB-3€> airplane. VJm<j W,. 
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S lotion S3. €4- C/y.) 



F/cjurc 6 - Flap po&t/on<s tested; l/l4 scale mode / of the 
XB~36 a/rp/an e 
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Typical aileron s&c. Ttcin ~VV,cf 
O .35 SO .75 /£> 


sSco/e On J 


A ! / d/m enzs/on >5 or* <?/\s*n /n /nch*s 



5ta. 73*63 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 


T ypical nilsron jMCJSan^ Wj 

/.£> 

Sc a/e On) 


fogc/re 7. — Co/npc/r'/oon o. f seo/ed o/ /coons used 
m tests of a ///4-scat /<9 moc/e/ of /ft e XB-36 otrp/ane. 



Figure 8.- A —-scale model of the XB-36 airplane mounted on the normal supports in the 

test section of the Langley 19 -foot pressure tunnel. 
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(a) Zero thrust- X ? ~ X. 5 00, 000, M~ 0.0.9 
F/gure 9 -Stall studies of a V/+ -scab model of the XB~36 airp/one.VJ,nq W,. 
original foil. 
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db) Propellers removec/jP- 5,500,000^ 
Figure 9 . — (Zone! uded . 
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F/ pure 10.- Fton and section views of a leading - 
edge spoiler arrangement >1/14-' scale 
model of the XE3~f3f) oirplone- 
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7 > 0 . 2!3 


ffow m the 
direction of 
or ro ws 



Unstalled 


Legend 


7c~O.I£>5 


Intermittently 
'/'///', polled 



Completely 
stol/e d 


Co) <5 fj0 o ;&f n =0 0 ; Fated power <@)S.L. ■> R* 2,500.000, A/l* 0.09. 

Figure II Effect of cj leading- edge spo/ter on the 5 fa// progress/on of* a J/J4- 
aca/e model of/heYB-JE airplane. W/ngW,^ original tail 
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(tD Riutial- span, singles i oiled flaps . 
Figure A? Oonimucd. 
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(a) Top view. 



(b) Side view. 

Figure 21.- Transition strip; —-scale model of the XB-36 airplane. 
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(a) Full seal. 



(b) Modified seal. 


Figure 25.- Flap-nacelle seals; —-scale model of the XB-36 airplane. 
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